INTRODUCTION
============

For successful social interactions, it is required to make inferences about others' views and beliefs. This ability to infer someone's mental states is called the Theory of Mind (ToM) \[[@b1-pi-2019-0281]\]. Since ToM is paramount for social interaction, and social interactions are essential for daily living, any impairments in ToM abilities can significantly compromised an individual's life and social functioning. Deficits in ToM have been observed in individuals with serious mental illness, such as schizophrenia and autism spectrum disorders \[[@b2-pi-2019-0281],[@b3-pi-2019-0281]\]. Therefore, many researchers have tried to develop measurement tools to assess ToM ability. Such tools include tasks using false belief stories and pictures, Strange stories, and emotion recognition \[[@b4-pi-2019-0281]-[@b7-pi-2019-0281]\].

The Reading the Mind in the Eyes Test (RMET) \[[@b4-pi-2019-0281],[@b8-pi-2019-0281]\] is the one of the most popular ToM measurement tools. In the RMET, participants are presented with pictures of the eye regions of a face and required to select the word that best matches the model's complex mental state such as desire and goal. Since the RMET provides limited amount of information, its developers proposed that it would employ more automatic and implicit processes than other ToM tasks \[[@b4-pi-2019-0281],[@b8-pi-2019-0281]\]. This was supported by some early findings that there was no correlation between RMET performance and neurocognitive function \[[@b4-pi-2019-0281],[@b8-pi-2019-0281],[@b9-pi-2019-0281]\]. Contrary to early suggestion and findings, recent meta-analyses \[[@b10-pi-2019-0281],[@b11-pi-2019-0281]\] have revealed a significant association of RMET performance with neurocognition, especially intelligence or reasoning by analogy. However, despite the relatively obvious correlation between the two tasks, the nature of relationship between RMET performance and neurocognitive function remains to be unclear.

Many studies have also reported an association of neurocognitive function with facial emotion recognition \[[@b12-pi-2019-0281]-[@b14-pi-2019-0281]\]. Facial emotion recognition is the ability to identify another person's emotion based on their facial expression. In typical facial emotion recognition tasks, subjects are provided with photographs of whole faces and asked to choose the most suitable emotional category of the basic emotions of the facial expressions. This task is similar to the RMET in that the both tasks involves identifying another person's state of mind based on external information, but the relationship between the two tasks has rarely been studied. From a theoretical standpoint, facial emotion recognition tasks appear easier than the RMET because the stimuli (external information) which subjects should match with internal information stored in memory are whole face rather than part of the faces. Therefore, it could be inferred that the RMET requires additional cognitive resources beyond those required for the facial emotion recognition task to attribute intentions or beliefs to the person in the photograph.

Based on these assumptions and on previous findings regarding neurocognitive function, facial emotion recognition, and the RMET, it was hypothesized that reasoning by analogy and facial emotion recognition would be independent predictors of RMET performance, and moreover, that facial emotion recognition would mediate the relationship between neurocognition, especially reasoning by analogy, and RMET performance.

METHODS
=======

Subjects
--------

A total of 150 healthy, non-clinical youths (74 men and 76 women) were enrolled via an Internet advertisement from May 2018 to October 2018. All participants satisfied the inclusion criterion of age from 20 to 30. The Mini-International Neuropsychiatric Interview (MINI) was used to exclude individuals with past or current psychiatric or neurological illnesses. The written informed consent was acquired from all subjects after the full explanation of study procedures. The study protocol was reviewed and approved by the Institutional Review Board of Severance Hospital (IRB No. 4-2014-0744). Subjects' mean age and years of education were 23.1 (SD=2.51) and 14.4 (SD=1.40), respectively.

Neurocognitive function task
----------------------------

To quantify the ability of reasoning by analogy, the Standard Progressive Matrices (SPM) was used \[[@b15-pi-2019-0281]\]. The SPM is composed of sixty non-colored diagrammatic puzzles with a missing part, which subjects should correctly choose one among six options. This test was reported to show high validity and reliability among diverse cultural groups \[[@b16-pi-2019-0281]\]. In this study, SPM scores were estimated as the total of participants' correct answers.

Facial emotion recognition task
-------------------------------

To assess facial emotion recognition, photographs from the Korean Facial Expressions of Emotion (KOFEE) database \[[@b17-pi-2019-0281]\] were used. This task is widely used for research on emotion recognition in Korea. This task is widely used for researches on emotion recognition in Korea \[[@b18-pi-2019-0281],[@b19-pi-2019-0281]\]. The KOFEE consists of photographs of Korean models demonstrating neutral expressions and seven basic facial emotions (happiness, sadness, anger, disgust, surprise, fear, and contempt). All KOFEE facial expressions were coded using Ekman and Friesen's (1978) Facial Action Coding System (FACS). Thus, each expression in KOFEE is a direct relation of facial expressions that are encountered in real life.

A total of 64 photographs, eight each for the seven basic emotions and neutral faces, were selected for the tasks. The selected photographs showed good interrater agreement in a previous standardization study \[[@b17-pi-2019-0281]\] (n=105, Korean college students). The pictures were presented to subjects on response sheets along with the emotional categories of "happiness," "sadness," "anger," "disgust," "surprise," "fear," "contempt," and "neutral." Subjects were required to select the emotional label that best described the expressed emotion of the model in picture. In this study, KOFEE scores were scored as the sum of correct responses out of the 64 facial photographs.

The Reading the Mind in the Eyes Test
-------------------------------------

The RMET \[[@b4-pi-2019-0281]\] is widely used assessment tool for social cognitive function. It presents thirty-six photographs of the eye part of the face, each expressing complex mental states of the individuals pictured. Each photograph is accompanied by four descriptors placed around the pictures. Subjects were requested to choose one word to describe the complex mental state of model in each photograph. One example of four descriptors are "irritated", "disappointed," "depressed," and "accusing." In this study, RMET scores were calculated as the sum of correct answers.

Data analysis
-------------

To identify that SPM scores and KOFEE scores are predictors of RMET performance, multiple regression analysis was performed. In addition, age and gender, which are expected to affect RMET, were also included as predictor variables in multiple regression analysis.

To explore the relation between the SPM, KOFEE, and RMET performance, bootstrapping mediation analysis was performed by using Hayes' PROCESS macro for SPSS \[[@b20-pi-2019-0281]\]. Bootstrapping analysis performs randomized resampling to yield significant confidence intervals for the indirect effect.

RESULTS
=======

SPM, KOFEE, and RMET performance
--------------------------------

[Table 1](#t1-pi-2019-0281){ref-type="table"} provides a summary of participants' scores for the SPM, KOFEE, and RMET tasks.

Predictors of RMET scores
-------------------------

Multiple linear regression analysis was done with gender, age, SPM score, and KOFEE score as predictor variables, and RMET score as an outcome variable. The overall model was statistically significant (R^2^=0.16, F=6.93, p\<0.001). SPM scores (t=3.24, p\<0.001, β=0.25) and KOFEE scores (t=3.15, p=0.002, β=0.25) were both statistically significant predictors of RMET scores. [Table 2](#t2-pi-2019-0281){ref-type="table"} shows a summary of these results.

Mediation analysis
------------------

In the mediation analysis, KOFEE score was found to mediate the impact of SPM score on RMET score (total effect=0.190, t=3.549, p=0.001, direct effect=0.162, t=3.056, p=0.027, indirect effect=0.028, BootSE=0.014, 95% BootCI=0.004--0.061) ([Figure 1](#f1-pi-2019-0281){ref-type="fig"}). Given the nature of the cross-sectional data, directionality was verified by analyzing another model with SPM score as a predictor of KOFEE score, and RMET score as the mediator. The results of the alternative model revealed no significant direct association of SPM score with KOFEE score (p=0.23).

DISCUSSION
==========

To our best knowledge, this study is the first study to explore the mediating role of facial emotion recognition between reasoning by analogy and RMET performance in non-clinical subjects. Our main findings were that reasoning by analogy and facial emotion recognition independently predicted RMET performance. More importantly, facial emotion recognition partially mediated the relationship between reasoning by analogy and RMET performance.

Reasoning by analogy, as measured by SPM, was independently associated to RMET performance. This result is inconsistent with the suggestion of the RMET developers who claim that the RMET and intelligence are not related in the non-clinical population \[[@b4-pi-2019-0281]\], but consistent with recent meta-analysis \[[@b10-pi-2019-0281],[@b11-pi-2019-0281]\]. According to meta-analysis of Baker et al. \[[@b10-pi-2019-0281]\], which synthesized studies using various types of neurocognitive function tests, including SPM used in our study, the RMET showed a significant correlation with neurocognitive function. It has been consistently reported in more recent meta-analysis study \[[@b11-pi-2019-0281]\]. The correlation between neurocognitive function and RMET was also observed in recent studies involving various clinically-ill patients groups, such as Autism spectrum disorder \[[@b11-pi-2019-0281]\], Attention deficit hyperactivity disorder \[[@b21-pi-2019-0281]\], and dementia \[[@b22-pi-2019-0281]\]. Reasoning by analogy is the ability to understand rules and build abstractions by integrating relationships based on non-social visual information. According to the developers of the RMET \[[@b4-pi-2019-0281]\], when RMET subjects match the descriptors regarding the complex mental state to corresponding part of facial expressions (i.e., the eye region of face), they should map the eyes in each photograph to examples of eye regions from their memory. And then subjects decode the semantic meaning (complex mental state) connected to the relatively specific eye regions. These close connections were established from the past interpersonal experiences by the neurocognitive functions including the reasoning by analogy. Another possible but not mutually exclusive explanation is that when subjects infer the model's mental state based on a photograph of their eye region, reasoning by analogy may be needed to compare the photograph of eye regions to internal images stored in the subjects' memory.

Facial emotion recognition was also independently associated to RMET performance. This finding is consistent with previous studies of non-clinical population \[[@b23-pi-2019-0281],[@b24-pi-2019-0281]\], which showed correlation between neurocognitive function and facial emotion recognition. The correlation between neurocognitive function and facial emotion recognition was also observed in previous studies for clinically-ill patient groups, such as schizophrenia spectrum disorders \[[@b12-pi-2019-0281]-[@b14-pi-2019-0281]\], and bipolar disorder \[[@b25-pi-2019-0281]\]. From a theoretical standpoint, the RMET is similar to facial emotion recognition, as both tasks require subjects to identify another person's mental state based on facial information. This assumption also seems reasonable from a neurophysiological standpoint, as demonstrated by a previous study of event-related potential (ERP) showing that RMET scores associated significantly with the early ERP (N170) amplitude for face valence discrimination (positive-negative) \[[@b26-pi-2019-0281]\].

More importantly, this study's mediation analysis revealed that facial emotion recognition played a role of a partial mediator in the relationship between reasoning by analogy and RMET performance. Facial emotion recognition, as measured by KOFEE scores, differs from the RMET task in that it presents photographs of whole faces as stimuli (as opposed to the eye region only, as in the RMET), and its items are basic emotions (as opposed to complex mental states, as in the RMET). The developers of the RMET suggested that items conveying complex mental state are more challenging than basic emotions, since identifying complex mental states involves attributing beliefs or intentions to the other person \[[@b4-pi-2019-0281]\]. From this suggestion, it could be inferred that the RMET requires additional cognitive resources beyond those required for the facial emotion recognition task to attribute beliefs or intentions to the person in the photograph. Additionally, RMET subjects must infer mental states using the limited amount of information (eye region vs. whole face) than subjects of the facial emotion recognition task. Thus, the RMET may require an additional pathway from reasoning by analogy. Given that there were similarities and differences between the RMET and the facial emotion recognition tasks, the relationship between reasoning by analogy and RMET performance may show both direct and indirect pathways through facial emotion recognition. For clinical implications, remediation therapy to enhance reasoning by analogy and/or facial emotion recognition could promote social cognition ability, especially decoding complex mental states from the limited amount of information in individual with serious mental illness such as schizophrenia, although in near future, the mediating role of facial emotion recognition between reasoning by analogy and RMET should be explored.

Limitations
-----------

First, this study used cross-sectional data, limiting its ability to draw firm conclusions regarding the causal relationship between reasoning by analogy, facial emotion recognition, and RMET performance. However, directionality was confirmed by analyzing an alternative model treating the RMET as a mediator. Second, measurement of neurocognitive function was restricted to reasoning by analogy (SPM). A range of other assessment tools for neurocognitive function could offer a more comprehensive view of this study's results.

Conclusion
----------

This study found that reasoning by analogy and facial emotion recognition are independent predictors of RMET performance. Furthermore, facial emotion recognition showed partial mediating effect on the relationship between reasoning by analogy and RMET performance. This study aimed to explore the underlying mechanism of RMET performance, and it highlights the need for further research focusing on serious mental illnesses such as schizophrenia and autism spectrum disorders, which detrimentally affect RMET performance and neurocognitive function.
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###### 

Descriptive statistics for study variables (N=150)

  Variable                                                    Mean    SD     Range
  ----------------------------------------------------------- ------- ------ --------
  SPM score^[\*](#tfn1-pi-2019-0281){ref-type="table-fn"}^    52.54   5.16   33--60
  KOFEE score^[†](#tfn2-pi-2019-0281){ref-type="table-fn"}^   53.87   4.48   42--63
  RMET score^[‡](#tfn3-pi-2019-0281){ref-type="table-fn"}^    26.31   3.49   15--33

number of correct answers on the Standard Progressive Matrices (SPM) tool,

number of correct answers on the facial emotion recognition task of the Korean Facial Expressions of Emotion (KOFEE) test,

number of correct answers on the Reading the Mind in the Eyes Test (RMET)

###### 

Multiple regression analysis of domain variables and RMET performance

  Predictor   Outcome   β       t       p-value
  ----------- --------- ------- ------- ------------------------------------------------------
  Gender      RMET      -0.06   -0.79   0.429
  Age         RMET      0.15    1.92    0.057
  SPM         RMET      0.25    3.24    0.001^[\*](#tfn4-pi-2019-0281){ref-type="table-fn"}^
  KOFEE       RMET      0.25    3.15    0.002^[\*](#tfn4-pi-2019-0281){ref-type="table-fn"}^

p\<0.05.

RMET: Reading the Mind in the Eyes Test, SPM: Standard Progressive Matrices KOFEE: Korean Facial Expressions of Emotion
